The ratios between different baryonic species masses are studied. The result is used to tentatively predict some missing baryonic masses, still not experimentally observed.
I. INTRODUCTION
The study of fractal properties of hadronic spectroscopy [1] , lead us to observe that the distributions of m n+1 /m n mass ratios versus the rank, are almost the same among most species. Here m n is the n th mass of the given species at rank "n". This close behaviour was summarized in figure 34 of [1] , where all the first masses of Particle Data Group (PDG) [2] were plotted after global translations of each species, in order to equalize the yrast mass of all species to the yrast charmed baryon mass. Although such comparison would be more justified af- * tati@ipno.in2p3.fr ter scaling, rather than translation, the translation allows to better visualize the regularity of the variation between excited masses of different baryonic species. Figure 1 reproduces this figure 34 of [1] . A global vertical translations is done, in order to equalize the yrast mass of all species to the yrast charmed baryon mass. The amount of this mass translation is indicated at the top of the figure, below the quark content of each species. For increasing yrast mass species, we observe that the gap between the yrast and the second mass decreases for all species except for Ξ baryons. We observe also that, if we except the yrast masses, the distributions all baryonic species masses display close variations.
In order to study this more quantitatively, we will show the ratios of the mass distributions of all baryonic species. We see from figure 1 that, concerning heavier species, very few baryonic masses have been observed and no one in some cases. These species, Ω and all baryons containing a "b" quark, are not considered here. In all species, the masses are less defined, above an excitation of several hundred MeV. It is also possible that at present, missing masses exist, which will be observed later. Therefore our study concerns only the first several hundred MeV excitation masses.
erally be joined by one (or a few) horizontal line(s), up to rank 10, with two exceptions. The first exception concerns the first, fundamental (yrast) mass of every species. The second exception concerns the ratio of Ξ/N * masses (figure 5). In this figure the black full squares show ratios after introduction of still unobserved Ξ baryons; this point will be discussed later. In this figure, the first four baryonic masses are the masses reported by PDG, therefore the same marks apply for full red circles and full black squares. When more than ≈ 10 data exist, the ratio in this range exhibits a second horizontal line slightly lower than the previous one. This point will be discussed below. B. Baryonic masses compared to ∆ masses Figure 8 shows the ratio of PDG Σ/∆ masses, Λ 0 /∆ masses, and Λ + C Σ ++ C /∆ masses (full red circles). Figure 9 shows the ratio of Ξ/∆ masses. The same comments apply, as those concerning the Ξ/N * mass ratio (figure 5). Figure 10 and figure 11 show the ratio of PDG Λ C Σ C /∆baryonic masses. We observe in both cases, a nice horizontal line, except for the yrast mass ratio. C. Baryonic masses compared to Λ masses Figure 12 shows the ratio of Σ/Λ baryonic masses. In both species, more data than before exists, allowing to draw the figure up to rank 18. We observe several horizontal lines decreasing for increasing rank by a rather constant gap. Figure 13 shows the ratio of Ξ/Λ masses. Here again, the comments of figure 5 apply. again both ratios involve the Ξ baryons. The lack of many masses in the Ξ baryon species, explains why the distributions decrease.
F. Baryonic ΞC masses compared to ΛC masses Figure 21 shows the ratio of Ξ C masses compared to Λ C Σ ++ C masses. These data display an horizontal line, indicating with a rather great probability, that there is no one missing mass in both species.
III. DISCUSSION
A proportionality is observed between excited particle masses of all baryonic species, at least up to rank 10, except for the Ξ baryons. We have therefore supposed that this is a general property, and naturally we associate the differences observed in all ratios involving the Ξ baryons, with a lack of some Ξ baryonic masses.
A. Discussion concerning the Ξ baryon masses
The same set of tentatively introduced Ξ baryonic masses, allows to obtain proportionality with all other It is of course out not possible, to attribute definitively these 14 supplementary introduced masses, to exact missing Ξ baryonic masses. They must be used, rather, as an indication of the number and approximate masses, that have to be observed by specific experiments still to be done.
The Ξ baryon masses are more precise, around M ≈ 2 GeV, than the N * masses. Taking into account the small shifts between adjacent introduced ad- In the same way, as done for Ξ baryons, a careful look on the figures where the baryon masses are compared to N * masses, indicates a possible improvement after a tentative introduction of several masses in the range 1720≤ M ≤ 1900 MeV. For different species where at least 11 masses are known, the comparison to the N * masses, allows us to observe a shift starting always at rank 11. Such shift may indicate a lack of one (or a few) N * masses in the range 1720≤M≤1900 MeV, where there is no N * baryonic mass in the PDG table. Indeed in the lower range 1650≤M≤1720 MeV, there are six masses reported in the same table. The arbitrary introduction of the following masses: M≈ 1750 MeV, 1780 MeV, and 1820 MeV allows us to improve the linearity between the various baryonic species masses.
The precision on N * masses is often poor for masses ≥ 1700 MeV. When not given in PDG, we take into account the various experimental masses to attribute a mass unprecision. The precision on all tentatively introduced N * masses, is arbitrarily put to ∆ M = ±50 MeV. Figure 22 , shows the new Λ/N * mass ratio, which has to be compared to figure 3. Figure 25 shows the ∆/N * mass ratio, after the introduction of additionnal N * masses.
C. Discussion concerning the Λ baryonic masses
Another observation of previous figures shows that there is missing mass(es) in the Λ mass table in the range 1690≤M ≤1800 MeV. Indeed this appear in figure 3 (Λ/N * mass ratio), figure 13 (Ξ/Λ mass ratio), and figure 12 (Σ/Λ mass ratio). The tentatively introduction of three additionnal Λ masses: M = 1720 MeV, 1750 MeV, and 1780 MeV allows to improve the proportionality of baryonic mass ratios up to rank = 18 as shown in the figures 26, 27, and 28. There is also missing masses in the Λ mass table in the range 2110≤M ≤2325 MeV (see figures 12 and 23), and in the range 2350≤M ≤2585 MeV (see figure 12 ). There is no attempt in this paper to suggest other possible Λ masses in these ranges. We observe in several figures a step between two horizontal lines, again tentatively attributed to the lack of a few Λ masses in the range 1700≤ M ≤1800 MeV. This step is corrected after the introduction of Λ masses at M = 1720 MeV, 1750 MeV, and 1780 MeV. We observe that the same mass range was completed by arbitrarily introduced baryons in the three species: N * , Λ, and Ξ. Figure 24 shows the Ξ/Λ mass ratio, after the introduction of "additionnal masses".
D. Relations giving baryonic mass formula
The Gell-Mann-Okubo mass formula [3] considers the masses of the baryon octet J P = 1/2 + , and eliminating a few parameters, get the following relation:
The choice of three Λ for one Σ allows to get a very good precision for the relation. The relative gap between both quantities of the previous relation is as small as y = 5.6*10 −3 . In the same spirit, we compute below, a few relations between yrast masses, for the same number of quark flavours in both sides of the relation. Restricting ourselves to the choice I = 0 and J + = 1/2 + particles, we observe that the relation: 
M(Ω
is verified with a precision of 5.0*10 −3 . In the same way, the addition of the baryonic masses of a 0(1/2+) particle with a 1/2(1/2+) particle, is rather stable, as shown in the following example where "n" stands for the neutron:
which is verified with a precision of 1.4%. In the same way, the addition of two isospin 1/2 baryonic masses 1/2(1/2+) with two isospin 0 baryonic masses 0(1/2+) is rather stable, as shown in the following example:
which is verified with a precision of 0.86 10 −3 . On the other hand, the equality is no more nearly obtained if we add the masses of two different and increasing isospin values. For example, the mass of two I =1 baryonic particles 1(1/2+) compared to the sum of two I = 1/2 baryonic particles differs in a larger extend, as shown in the following example: When applied again to yrast masses, the relation:
is well obtained, since the relative discrepancy between the two members of the equality is equal to ∆y(1)/y(1) = 1.6 * 10 −3 . The equality is worse for (not yrast) heavier masses, since ∆y(2)/y(2) = 3.9 * 10 −3 , ∆y(3)/y(3) = 4.8 * 10 −3 , ∆y(4)/y(4) = −9.2 * 10 −3 , ∆y(5)/y(5) = −1.9 * 10 −2 , and ∆y(6)/y(6) = −5.4 * 10 −3 .
E. Comparison with predictions of theoretical models
Many models of baryons have been proposed. It is known that "Lattice QCD successfully estimates ground states of hadron spectrum, but excited states still represent an outstanding challenge" [6] . The works done within the constituent quark models, before 2000 are reported in [4] . The model of Isgur and Karl [5] predicts the existence of three N * in the mass range 1700≤ M ≤1720 MeV, and nothing above up to M = 1870 MeV. Concerning the Λ masses, this model predicts the existence of a Λ + 1/2 at M = 1740 MeV, and no Λ with negative parity, in the mass range 1710≤ M ≤1800 MeV. These results do not fit with our "introduced" masses. It is noticeable that the number of calculated baryonic masses is smaller than the number of experimental masses. However "there are far less Σ and Ξ states established experimentally than expected within quark models" [7] . On the contrary, the concept of "missing resonances" was introduced to signify the lack of N * resonances obtained within the quark models, but not observed, and in the same way missing Ξ * states were reported [8] . A recent review [9] reported latest progress with a special interest to heavy and not yet observed baryons. The comparison with experimental masses is difficult for N * since the results of the calculations are presented versus different values of the pion mass squared. Concerning heavier baryons, the calculations predict, below M = 1.8 GeV, only one mass for Λ and Ω (not studied in the present work), and only two masses for Σ and Ξ baryons, therefore a much lower number than experimentally observed.
There is an often discussed problem about nucleon states, predicted by quark models, but not observed experimentally. These states are called "missing resonances", already mentionned. A search for these resonances via associated strangeness photoproduction was performed [10] . The authors concluded that two such resonances, namely a S 11 , M = 1820 MeV, and a D 13 , M = 1920 MeV, help to improve the cross-section and the recoil polarization asymmetry between calculation and experimental data studied in the reaction γp → K + Λ. Another calculation was performed to study the possible improvement of the cross-sections and polarization asymmetries by adding several (S11, P11, P13, D13, D15, and H1,11) new resonances to all PDG baryonic resonances [11] . These authors developped a chiral quark model for the γp → ηp reaction. In their model A, they introduced six new resonances, but only one S 11 (1730) happens to play a significant role.
A systematic search was undertaken at CLAS [12] [13], using photon beams in the range 0.8≤ E γ ≤4.0 GeV/c and looking to different disintegration channels. Another study was performed by the CBELSA/TAPS experiment at ELSA [14] , studying also photoproduction of single and multi-meson final states off the nucleon, and enriched by double polarization experiments using circularly or linearly polarized photon beams [15] [16] . Recent measurements were also done at MAMI [17] . The aim of these measurements is to be able to construct unambiguously the scattering amplitudes. The existence of several broad overlapping resonances in the mass region 1500≤ M ≤2000 MeV, difficult to disentangle, explains that there is, up to now, no clear experimental result concerning these "missing resonances". Table II shows the ratios of baryonic masses between different species, when the first (yrast) mass of all species is ignored. These ratio values are read from the previous figures (2 -28) . The substitution of a quark "s" to a quark "u" or "d", does not increase substancially the masses. Moreover, the baryonic masses containing a quark "c" are clearly heavier.
As already mentionned, these ratios are different for the first mass of all baryonic species. Figure 1 shows that the gap between the excited state spectra and the first (yrast) mass, decreases for increasing baryonic masses. Table III shows the ratio of the first (yrast) mass between two baryonic species. The numbers are larger than in table II, but still exhibit some regularity. The ∆ masses are larger than expected from the continuity due to increasing flavour; this effect is induced by larger isospin I = 3/2. The effect of smaller isospins is negligible. However the ratio between two ratios is about the same, for yrast (table III) .
IV. CONCLUSION
The masses of the different baryonic species are compared, without consideration of their corresponding widths, neither their quantum numbers, or their disintegration channels. In the same way, nothing is taken into account about the possiblity that these baryons could be hybrid (with a part of glue).
Using similar simple ideas, the baryonic fundamental or excited masses have already been discussed [4] [18] . However none of these papers has shown the constant ratios between masses of different baryonic species.
Here, proportionality between all baryonic species masses, except the yrast ones, is observed. It allows to tentatively predict several missing masses in some species. These predictions are validated by the clear association between gaps in the mass ratios, and large empty mass ranges. An unique set of additionnal mass data is able to correct the shapes of the ratios which do not follow the proportionnality. Three missing masses, in the range 1720≤ M ≤1820 MeV, are tentatively introduced in the N * and Λ tables. In addition to two masses, introduced in the Ξ baryon mass table in the same range, twelve masses are tentatively introduced in this Ξ baryon mass table at higher masses.
This observation of proportionnality, indicates that common laws apply to get excited state masses of three quarks. The various contributions to the excited state masses, due to different quantum numbers, give rise to small contributions to masses. 
